The deposit is located in mountain terrain, and the metallurgical combine is situated 40 km to the north west in the wide Vardar River valley behind the moun tain range near the town of Kavadarci. The ore is transported from the R anovo Mine over the range by belt conveyer (Fig. 1) . This is one of the longest con veyers in the world.
The ultimate production of the metallurgical com bine is Fe-Ni alloy (20% Ni, 80% Fe), which is pro duced by joint melting of silicate Ni ore imported from New Caledonia and Indonesia and Fe-Ni ore mined from the R anovo deposit.
TECTONIC POSITION OF AREA IN VICINITY OF DEPOSIT
The Macedonian ophiolitic complex is an essential part of the eastern Mediterranean, a region with one of the world's largest concentration of ophiolites. Most Jurassic ophiolites in this region belong to the Oman suprasubduction type (Robertson, 2006; Dilek and Thay, 2009) .
In terms of plate tectonics, the leading role in the regional architecture is played by the Tethys paleo ocean and sutures left at the place of the reworked oce anic crust. Remnants of the oceanic crust related to the Vardar Suture and a number of pre Alpine (Pre cambrian and Paleozoic) fragments alternating with Alpine sedimentary formations are predominant in the Alpine structure of Macedonia and Bulgaria (Zagorchev et al., 2008) .
Remnants of the Tethian oceanic crust in the Bal kan region are composed of ophiolitic sheets consist ing of lherzolite, harzburgite, dunite, and basaltic pil low lavas, which are the most abundant in the south ern Vardar Zone, where they locally alternate with thrust sheets of Triassic and Jurassic sedimentary rocks deposited on the continental slope. The Jurassic peri dotites and weathering mantles developed after them are of special importance for the formation of Ni sili cate and Fe-Ni deposits. The ophiolites make up the western belt in the inner Albanides (Mirdité Zone) and the eastern belt along the Vardar Zone (Fig. 2 ).
Many geologists assume that they belong to inde pendent tectonic units, which were formed close to the continental margin in the Late and Early Cretaceous. These belts extend almost parallel to each other. Their spatial position and the same orientation are inter preted in alternative terms. According to one rather sound hypothesis, these belts are remnants of two independent Tethian oceans. The alternative concept assumes that ophiolites of the Mirdité Zone corre spond to the compressed imbricate part of the Vardar Suture overthrust westward. The upper chronological limit of the ocean is determined by the Kimmerid gian-Tithonian carbonate rocks with calpionellides (Ivanov et al., 1987) . Eastern belt M o e s i a n P l a t e Sofia S e r b i a n -M a c e d o n i a n M a s s i f C a r p a t h i a n - Boev and Jankovic (1996) . Ophiolitic belts are shown by dashed lines and gray color. (1) Dunite and harzburgite, (2) harzburgite, (3) lherzolite, (4) sedimentary rocks and pillow lavas, (5) other rocks. Ni silicate and Ni bearing iron (numbers in figure) : 1, Konjuh (Co, Ni, Fe); 2, Mokra Gora (Fe-Ni); 3, Lipovak (Fe-Ni); 4, Ba (Ni silicate); 5, Veluc (Ni); 6, Glogovac (Ni); 7, Glavica (Ni); 8, Veles Klera (Fe-Ni); 9, R anovo (Fe-Ni); 10, Kukés (Fe-Ni); 11, Piskas (Fe-Ni); 12, Bustrak (Fe Ni); 13, Gumaz (Fe-Ni); 14, Gurii Kuk (Fe-Ni); 15, Bilic (Fe-Ni); 16, Heronia (Fe-Ni); 17, Beotia (Fe-Ni); 18, Larymna (Fe-Ni); 19, Central Eboia (Fe-Ni); 20, Argolis (Fe-Ni); 21. Almopilas (Fe-Ni).
Balkanides
z ˆ T he obduction probably continued for 15-30 Ma from the formation of ophiolites to subsequent thrust ing over the continental margin. By the way, it is assumed that the northeastern subduction of the oce anic plate beneath the Serbian-Macedonian Massif continued in the Cretaceous and even left trails in the Paleogene tectonic evolution.
In the Late Jurassic, the closure of the Vardar ocean gave way to a short period of subduction with forma tion of oceanic crust and development of granitic magmatism. ments were expressed as folding, faulting, breakdown, and imbrication of Jurassic and pre Jurassic rocks (Robertson et al., 2009; Zagorchev et al., 2012) .
The compression of the western subzone of the Var dar Zone led to protrusion and origination of the NW-SE trending belts of ophiolitic tectonites, which were weathered under continental conditions with for mation of lateritic weathering mantles. The latter were redeposited in the Albian-Cenomanin-Turonian together with terrigenous sediments; as a result, oolitic Fe-Ni-Co ores were formed.
Thus, the Vardar Zone-a complex tectonic block between the Serbian-Macedonian Massif in the east and the Dinarides and Helenides in the west-played the crucial role in the origination and spatial distribu tion of the Jurassic ophiolitic complexes and related Fe-Ni deposits in the southern part of Balkan Penin sula (Fig. 2) . This is a belt more than 1000 km long and 60-80 km wide, which extends in the NW-SE direc tion to the north of Belgrarde via Serbia and Mace donia toward the Aegean Sea in northern Greece, where it plunges and turns east as a segment of the Izmir-Ankara Zone.
The R anovo (R anovo-Studena Voda) depositone of the largest lateritic Fe-Ni deposits in the Vardar Zone-is situated near the Macedonian-Greece state border (Fig.2) in the western subzone of ophiolitic belt of the Vardar Zone, which consists of several lithostra tons different in mineralogy and petrology of rocks and specific geological history.
The Precambrian albitic gneisses with sporadic amphibolite lenses and marble blocks are the oldest in this area. Paleozoic schist, phyllite, metasandstone, shale, and quartzite occur locally. Widespread Triassic sedimentary rocks comprise two main facies: (1) mar morized limestone and dolomite and (2) claystone and sandstone with sporadic inclusions of dolerite and greenschist. The Jurassic sequences consist of lime stone, sandstone, shale, quartzite, and chert associ ated with serpentinized harzburgite-dunite complex, small podiform chromitite bodies, and gabbroic intru sions. Serpentinite are exposed as narrow belts, which are separated by tectonic contacts from sedimentary rocks. The Cretaceous rocks combine BarremianAlbian conglomerate and Turonian limestone. The upper Eocene sequences consist of basal conglomerate overlain by flysch (siltstone, clay, sandstone, and lime stone layers). The Pliocene sequences are widespread in the southern part of the area and consist of con glomerate, clayey sandstone with interbeds of calcare ous clay, volcanosedimentary and pyroclastic rocks.
GEOLOGY OF THE R ANOVO DEPOSIT
Several large dislocations crosscut the massif of ser pentinized ultramafic rocks in the ore field. The R anovo Zone is a system of parallel thrust sheets
c omposed of altered serpentinite, schist, and marble. The younger faults make up a radiate structure. The ore lode at the deposit is traced for more than 4 km with a width of 1-40 m. The lode is heteroge neous in structure and consists of several varieties of ores and rocks. Peridotite, gabbrodolerite, and serpen tinites are the major ore bearing rocks that have been subjected to weathering. Ultramafic rocks of the R anovo ore field correspond to Alpine type ultrametamorphic rocks (Maksimovic, 1981) and do not differ from similar rocks elsewhere in Balkan Pen insula.
Albian-Cenomanian limestone, Cretaceous rede posited lateritic Fe-Ni ore, presumably Cretaceous schists, serpentinite, gabbroic pegmatites and roding ite, as well as Tertiary volcanic rocks, participate in the geological structure of the deposit (Fig. 3) .
Dunite and harzburgite are the most abundant Alpine ultramafic rocks in the R anovo ore field. They are strongly serpentinized and differ to a certain degree conditionally by microscopic examination. Harzburgite is characterized by enstatite crystals more than a centimeter in size visible to the naked eye. In addition, serpentinized harzburgite is commonly localized as homogeneous blocks distinguished from other rocks.
Serpentinite consists of flakes and fibers of serpen tinite group minerals, which almost completely replaces olivine and partly orthopyroxene in form of bastite pseudomorphs.
Serpentinized dunite occurs as large blocks. Serpen tine replaces olivine as a network along irregular frac tures (the first generation of serpentine) and as circular and radiate aggregates replacing particular portions of olivine grains. A small amount of powderlike magne tite appears as a product of serpentinization.
Gabbroic pegmatites and related rodingite in the R anovo ore field are readily identified as small bodies, which crosscut serpentinite blocks. Unaltered gab broic pegmatites are rarely observed. They consist of calcic plagioclase and clinopyroxene making up a coarse grained aggregate. Clinopyroxene crystals occasionally reach 30 cm in size and are replaced with chlorite and prehnite, whereas in plagioclase, plagio clase prehnite appears infrequently and marks the onset of rodingite formation.
Rodingite alteration develops largely in marginal parts of the serpentinite massif as elongated blocks variable in thickness. Rodingite replaces gabbro and gabbroic pegmatite at the postmagmatic stage as a manifestation of calcic metasomatism. Contacts with adjacent serpentinite are always distinct. Rodingite consists of garnet (hydrogrossular), gibbsite, xenomSchists are composed of quartz, sericite and illite, chlorite, albite, and talc. These minerals were identi fied by XRD. The mineral composition shows that clay was transformed into schists under conditions of greenschist facies.
Metasandstone occurs locally as lenses in the schist sequence; the rock contains quartz and less frequent microcline or plagioclase clastic grains; tourmaline is a rare mineral. The matrix is completely recrystallized and mainly composed of quartz with a small amount of calcite. This indicates that the protolith was arkosic with an initial quartz or clayey-cherty matrix.
Limestones occur in the upper part of the AlbianCenomanian ore bearing sequence and are occasion ally overturned. The rock is only slightly metamor phosed.
OREBODY MORPHOLOGY The morphology of orebody at the R anovo deposit directly depends on formation conditions of Fe-Ni ore layer as a result of scouring and redeposi tion of lateritic aposerpentinite weathering mantle during Jurassic and Early Cretaceous. The Fe-Ni deposit is localized at the contact between Jurassic ser pentinite and schist in the footwall and Cretaceous limestone in the hanging wall.
The orebody dips nearly vertical and is overturned with Cretaceous sedimentary rocks in the footwall and the Jurassic serpentinite in the hanging wall of the ore body (Fig. 4) . The inversion was as a result of tectonic movement at the end of Jurassic.
As can be seen from geological section, the orebody is confined to the base of Cenomanian-Turonian limestones. At the surface it is traced for ~4 km with an average thickness of 30-50 m. The orebody is partly overlain by the thrust fault and by Neogene andesite in One can seen in geological sections that although the orebody retains vertical attitude, its thickness and morphology underwent significant changes with depth ( Fig. 5 ). Section 17-17' shows that the orebody bends and divides into two thinner offsets (Fig. 5a ). In the next section 18-18', it is a thickened lens between lev els 750 and 640 m.a.s.l. and abruptly decreases in thickness below 640 m.a.s.l. (Fig. 5b ). In the next sec tions, we see quite different patterns. In section 21-21' (Fig. 5c ), the orebody continuously extends from the surface to a level of 520 m.a.s.l., insignificantly increasing in thickness, while in section 25-25' (Fig. 5d) , it is thin at the surface and gradually increases in thickness with depth. These sections show that the orebody is not interrupted with depth. Further exploration must cor roborate this conclusion.
The aforementioned morphological features show that the orebody at the R anovo deposit consists of several segments with specific lithologic, mineralogi cal, and geochemical characteristics.
MINERAL TYPES OF ORE
Like the preceding investigations, our study has shown that the orebody at the R anovo deposit is com posed of the following types of ores and mineralized rocks: massive and fissile magnetite ores; oolitic, fis sile, and massive hematite ores; riebeckite, stilp nomelane and dolomite-talc schists; and serpentinite. The overview of the most important ore types is given below. The mineralogical composition of ore is given in Table 1 and chemical composition in Table 2 .
Massive magnetite ore occur in the upper part of ore layer. Magnetite is the predominant mineral. Hema tite, clinochlore, talc, sepiolite, dolomite, and amphibole are also widespread (Table 1 ). The ore of this type contains chemical elements inherited from ultramafic rocks, in particular, Ni, Co, and Cr. The Ni content in ore varies from 0.69 to 1.17% (Table 2) .
Fissile magnetite ore is distinguished by a rather high Ni content (1.10-1.28%) ( Table 2) and by a rela tively high Na content (0.55-0.84%). The elevated Na content reflects the enrichment of ore in riebeckite. In addition to magnetite, the ore contains hematite, talc, clinochlore, amphibole, and dolomite (Table 1) .
Fissile hematite ore, which is the most abundant at the R anovo deposit (Fig. 6a) , contains 0.70-1.27% Ni and 0.50-0.82% Na. The Fe content is a rather high; the Mg content varies from 12 to 17% (Table 2 ). The ore is characterized by high concentrations of chemical elements inherent to ultramafic rocks, as well as high concentrations of Zr (Boev and Jankovic, 1996) . Magnetite, hematite, talc, clinochlore, and amphibole are the most abundant; pyrite is sporadic (Table 1) .
Oolitic hematite ore is also abundant at the R anovo deposit. It has distinct oolitic-pisolitic texture (Fig. 6b) and contains 0.91-1.25% Ni (Table 2 ). This lithologic type of ore is enriched in Fe contained in hematite and chemical elements related to ultramafic rocks (Boev and Jankovic, 1996) . The Zr content (275 ppm) is probably related to schists as a source. The ore con tains magnetite, hematite, talc, clinochlore, amphib ole, and a small amount of sepiolite. z ˆ z ˆ M assive hematite ore is also widespread at the R anovo deposit. It is characterized by massive tex ture, high hardness, and relatively high Ni grade (0.93-1.49%). The high Na content (0.53-1.38%) indicates abundant amphibole. High Ni, Cr, and Co contents are also noted (Boev and Jankovic, 1996) . Magnetite, clinochlore, talc, and amphibole occur in the ore in addition to hematite (Table 2) .
Riebeckite and stilpnomelane schists are not abun dant at the R anovo deposit and are readily identified by color and structure: riebeckite schist is blue, whereas stilpnomelane schist is yellowish. These are typically metamorphic rocks. Riebeckite schist is composed largely of riebeckite, talc, lizardite, phlogo pite, digenite, and pyrrhotite, whereas stilpnomelane schist, of stilpnomelane, talc, maghemite, lizardite, dolomite, quartz, and pyrite (Table 1) . The Ni con tents in riebekite and stilpnomelane schists are >2% and ~1.1%, respectively (Table 2) .
Dolomite-talc schist is a relatively rare lithologic type of mineralization at the R novo deposits and is distinguished by reddish color because of a high Fe content. This type of ore contains 0.80-1.06% Ni, i.e., less than other ore types ( Table 2 ). The schist is enriched in Ca, Na, and Mg. The rock contains talc, dolomite, hematite, magnetite, amphibole, lizardite, and clinochlore (Table 1) .
Talc schist occurs at the R anovo deposit along fault zones and tectonic slickensides (Fig. 7) . Ore of this type is greenish in color and contains small mag netite crystals. As is shown in Table 1 The ore at the R anovo deposit is a complex mul tiphase mineral system with variable mineral assem blages and variable Ni contents in the minerals per taining to different ore types. These variations are pri marily related to superposition of several processes or more specifically to variations of physicochemical and thermodynamic conditions of accumulation, migra tion, precipitation of nickel and its redistribution dur ing dynamometamorphism. The determination of the Ni content in major mineral phases pertaining to cer tain chronological stages is not a readily solvable prob lem for such a multiphase system due to the small size of particular mineral grains, which can be studied only using a microprobe. With our significant experience in studying such types of ore, we present new data on the z ˆ c hemical composition of the mineral phases and Ni content therein.
Amphibole in ore from the R anovo deposit is dis tributed nonuniformly and occurs as oblong (up to acicular) and prismatic crystals accumulated into asbestos like aggregates blue in color and occasionally with a yellow hue. According to analytical results, amphibole belongs to magnesian riebeckite; SiO 2 , FeO, and MgO dominate in its composition (Table 3) . Amphibole is one of the main Ni bearing minerals in the ore (1.61 wt % NiO).
The content of chlorite in ore is ~11%. The mineral occurs as phyllic aggregates with a characteristic yel lowish green color. According to microprobe results, chlorite corresponds to clinochlore in composition and contains up to 2.87% NiO (Table 3) . Fine grained talc aggregates are scattered through out the ore matrix and together with hematite make up the groundmass of the ore. Talc contains 1.93% NiO (Table 3) .
z ˆ T a l c s c h i s t
The stilpnomelane content in ore of the R anovo deposit commonly varies from 0.5 to 0.7%, markedly increasing in locally developed stilpnomelane schists (Table 3 ). This mineral from the group of brittle micas occurs as phyllic and fibrous aggregates visually resembling biotite. Stilpnomelane contains up to 1.22% NiO (Table 3) .
Calcite is distributed sporadically in ore of the R anovo deposit (<0.3%, Table 1 ); local sites are enriched in this mineral. Calcite crystals and grains vary in color from white to yellow. The transparent twinned tabular and rhombohedral crystals are char acterized by distinct birefringence. The results of microprobe analyses of calcite are given in Table 3 .
Hematite, magnetite, and chromite. The microprobe analyses of these minerals are given in Table 4 . The Ni z ˆ z ˆ c ontents are as follows: magnetite (0.00-2.94% NiO; 0.81%, on average); hematite (0.00-0.59% NiO; 0.14%, on average); chromite (0.00-0.46% NiO; 0.05%, on average).
The samples of ore with characteristic oolitic struc ture were specially studied (Figs. 8, 9 ). The relation ships between major ore minerals, primarily between chromite and magnetite, as well as magnetite and hematite, are shown in Fig. 8 . Euhedral and subhedral chrome minerals often occur as cores within magnetite grains with the formation of oolitic texture (Fig. 9a, 9b) . The compositions of the studied minerals are rather stable with some variations of Fe in magnetite (66-68%) and chromite (Table 4 ). The most stable compo sition is typical of hematite, where the Fe and O con tents are close to stoichiometric values, whereas the contents of Mg and Al admixtures are close to the upper limit; the Cr content reaches 1.28% (Table 4) . It should be emphasized (Fig. 9 ) that in some samples with oolitic structure magnetite, hematite, and chromite grains varying from euhedral to anhedral in shape were identified. Their compositions do not dif fer from the standard grains analyzed elsewhere. In some of these samples, sporadic sulfide grains (mainly pyrite and rarely millerite) were found.
DISCUSSION
The formation of Fe-Ni ore at the R anovo deposit is closely related to the erosion and redeposi tion of the lateritic weathering crust after Jurassic ultramafic rocks. The primary laterites are retained only as relics in serpentinites. No lateritic material with clastic structure, known at other Fe-Ni deposits in the Vardar Zone, is at the R anovo deposit. The lat erites were formed at this deposit and other deposits nearby under stable conditions without supply of coarse clastic material (Ivanov, 1965) , so that laterites were not diluted in the process of chemical and mechanical redeposition. Resistant chromites and most rock forming minerals were deposited in the process of mechanical migration, whereas sulfides were redeposited as products of chemical reactions.
Deposition of Fe-Ni minerals was closely related to variations in the redox potential of seawater, as well z ˆ z ˆ a s in pH. The majority of Fe and Ni bearing ore min erals (hematite, magnetite, limonite, pyrite) were formed in the course of sedimentation as indicated by the oolitic structure of ore with clearly discernible ovoids of magnetite, hematite, and other minerals (Figs. 6, 9) .
The occurrence or absence of pisolites and oolites in various parts of the R anovo orebody shows that the depth of the marine basin varied during the deposition of sedimentary ore. In the shallow sea, the conditions favored the formation of oolites and pisolites under the action of waves. Massive ores were deposited under quiet conditions in the deeper marine basin. The cores of oolites are commonly composed of magnetite, which is coated with maghemite, hematite, and other shells. It is important that silica was largely deposited as isolated jasper lenses varying in size. Jasper almost always contains about 0.4% Ni, which clearly points to its origin as a result of lateritic weathering crust break down.
Thus, the formation of typical nontronite lateritic weathering mantle lasted from the onset of the Early Cretaceous to its end (Albian). The subsequent ero sion of the nontronite lateritic weathering mantle and transport of the material into sedimentary basins was z ˆ completed before deposition of Albian-Cenomanian limestones.
It should be noted that supply of material from pri mary lateritic weathering mantles was not a continu ous process. During some periods, a large amount of the material was brought into the basin from other sources. The samples with elevated contents of trace elements are unrelated to ultramafic rocks. Such dilu tion of primary lateritic material resulted in depletion of particular segments of the orebody in nickel.
The deposition of carbonate sediments and diagen esis of redeposited material took place in AlbianCenomanian. During diagenesis and epigenesis, the primary minerals had been altered and new minerals, e.g., hematite, magnetite, millerite, pyrite, chlorite, and mixed layer minerals were formed. The surround ing medium was enriched in Ni, which was supplied from weathering mantle in form of Ni hydrocarbon ate. In the Late Cretaceous, Eocene, and later on, the R anovo deposit was subject to dynamometamoro hism. As a result, sedimentary rocks were transformed into the low temperature metamorphic rocks com prising the following minerals: magnetite, hematite, stilpnomelan, chlorite, talc, magnesioriebeckite, z ˆ a lbite, calcite, and dolomite (Boev and Jankovich, 1996) . These minerals do not always occur together.
No thoroughly studied counterparts of the R anovo deposit were revealed in ophiolitic belts in Russia and CIS countries, although a geodynamic and metallogenic setting similar to that in the Balkans existed in the southern Urals and central Kazakhstan (Puchkov 2000; Bekzhanov et al., 2004; Salikhov et al., 2004) , in the eastern Eurasian continent (Stepanov, 2009) , and in the Caucasus (Satian, 1984) . Future world nickel market opportunities look favor able because of growing metal consumption in the Asia-Pacific region, primarily China, India, Europe, and CIS countries (Igrevskaya, 2006) . Therefore, interest in nickel deposits will only increase in the future.
The study of the R anovo deposit shows that in addition to the endogenic Cu-Ni deposits related to magmatic mafic and ultramafic rocks and exogenic Ni silicate deposits hosted in lateritic weathering mantles after serpentinites, a third independent group of metamorphosed Fe-Ni redeposited lateritic ores has been recognized.
In the future, investigation of PGE, Au, and Ag distribution in metamorphosed Fe-Ni redeposited z ˆ lateritic ores will be of practical interest. Information on elevated concentrations of these noble metals in Ni silicate deposits have repeatedly appeared in the literature over the last 15 years (Talovina, 2012) . CONCLUSIONS The R anovo Fe-Ni deposit is a typical example of metamorphosed lateritic ore redeposited in sedimen tary basins. A continuous ore layer with rather homo geneous structure was formed at this deposit during Late Cretaceous lateritic weathering. The most important economic types of ore are fissile hematite and massive magnetite ores. The major Ni bearing minerals are magnetite, hematite, chromite, sulfides, talc, chlorite, amphibole, and stilpnomelan. The occurrence of sulfide in ore at the R anovo deposit shows that reductive conditions and variable pH were characteristic of ore deposition. Oolites and pisolites were deposited in the shallow water marine basin, and massive ores were deposited in a deeper marine basin. The Alpine tectonics resulted in deformation and metamorphism of ore and overturning of the orebody, which currently dips almost vertically.
The considered data clearly show that metamor phosed Fe-Ni redeposited lateritic ores are undoubt edly controlled by ophiolitic belts. This implies that the ophiolitic complexes known in Russia, e.g., in the Urals, eastern Sayan, the Caucasus, the KoryakiaKamchatka region, and other territories, merit esti mating the discovery prospects of such deposits.
